The field of statistics deals with the collection, presentatia analysis, and use of data to
make decisions, solve problems, and design pn}ducts ‘:E{ . Because many aspects of
engineering practice involve working 1aﬂth g some knowledge of statistics is
important to any engineer. Spemﬁcat[& techmques can be a powerful aid in design-
ing new products and swf oving _V{ deswns and designing, developing, and
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The engineering method.
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Noise variables affect the transformation of inputs to outputs.



EXAMPLE 0165
An automobile manu%uﬁ&@g\di%h@%s&mpped with selected options. Each vehicle
is DrderedP ( e\, P age

With or without an automatic transmis- With one of three choices of a stereo
sion system
With or without air-conditioning With one of four exterior colors

[f the sample space consists of the set of all possible vehicle types, what is the number of
outcomes in the sample space? The sample space contains 48 outcomes. The tree diagram for
the different types of vehicles is displayed in Fig.



Additional results involving events are summarized below. The definition of the comple-
ment of an event implies that o u\(
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The d]St@WA@M\I s&gg@o%@nphes that

AUBNC=ANCUBNC), ad ANBUC=AUC)N(BUC)

DeMorgan’s laws imply that
(AUB) =A4'"NB" and (ANB) =4A"UB
Also, remember that

ANB=BMNA4 and AUB=BUA4



EXAMPLE
Uk

Consider a machining operation in which@g@b%hgéﬁnétal needs two identical diameter
holes drilled and two id%rqi@mm%hes‘c@%/e denote a drilling operation as d and a
notchin?QP@M@W l dg @nﬂé‘a s%edule for a machine shop, we might be interested
in the number of different possible sequences of the four operations. The number of possible
sequences for two drilling operations and two notching operations 1s
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The six sequences are easily summarized: ddnn, dndn, dnnd, nddn, ndnd, nndd,



Combinations
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Another counting problem of interest is the n%r%e)ﬁﬁﬂs‘ets of r elements that can be se-

lected from a set of n elements.‘t‘hﬁ‘rw&@% g%mpnrtant. Every subset of r elements can
iy B Qtlar

be indicated by list Fefents anid marking each element with a “*” 1f it 1s to

be includ@iﬁﬁé’s\u sef, m@@% each permutation of » *s and n — r blanks indicate a dif-

ferent subset and the number of these are obtained from Equation
n!

m!m!ng!...n!

For example, 1f the set is S= {a, b, ¢, d} the subset |, ¢} can be indicated as

a b ¢ d

i *



The number of subsets of size r that can be sel%%d_\ﬁm a set of n elements 18
denoted as () or €7 and '

:
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EXAMPLE

A printed circuit board has eight different locations in which a component can be placed. If
five identical components are to be placed on the board, how many different designs are pos-
sible?
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Parts Classified

\ W4
_\e cO iR face Flaws

R &O‘e‘%é&ventﬂ No Total
Defective \e\ms&‘:}x)nb‘é A—2 O‘lﬁ'} - [8 38
preV wpad 30 342 362
Total 40 360 400
EXAMPLE

Table provides an example of 400 parts classified by surface flaws and as (functionally)

defective. For this table the conditional probabilities match those discussed previously in this
section. For example, of the parts with surface flaws (40 parts) the number defective is 10.
Therefore,

P(D|F) = 10/40 = 0.25
and of the parts without surface flaws (360 parts) the number defective is 18. Therefore,

P(D|F") = 18/360 = 0.05



MULTIPLICATION AND TOTAL PROBABILITY RULES

U
Multiplication Rule S a\e ‘(‘,O .

O o 52
P(A MR ANEQ@Y) = P(A|B)P(B)
P e\")a\_l_‘| pad® .

EXAMPLE

The probability that an automobile battery subject to high engine compartment temperature
suffers low charging current is 0.7. The probability that a battery 1s subject to high engine
compartment temperature is 0.05.

Let C denote the event that a battery suffers low charging current, and let T denote the
event that a battery 1s subject to high engine compartment temperature. The probability that a
battery 1s subject to low charging current and high engine compartment temperature 1s

P(CNT)=PC|T)P(T) = 0.7 X 0.05=0.035



